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The disease burden of diabetes mellitus is increasing throughout the world. The need for more potent drugs to complement the
present anti-diabetic drugs has become an imperative. Astragalus membranaceus, a key component of most Chinese herbal anti-
diabetic formulas, has been an important prospect for lead anti-diabetic compounds. It has been progressively studied for its anti-
diabetic properties. Ethnopharmacological studies have established its potential to alleviate diabetes mellitus. Recent studies have
sought to relate its chemical constituents to types 1 and 2 diabetes mellitus. Its total polysaccharides, saponins, and flavonoids
fractions and several isolated compounds have been the most studied. The total polysaccharides fraction demonstrated activity
to both types 1 and 2 diabetes mellitus. This paper discusses the anti-diabetic effects and pharmacological action of the chemical

constituents in relation to types 1 and 2 diabetes mellitus.

1. Introduction

Diabetes mellitus (DM) has been reported as an epidemic and
an increasing disease burden throughout the world [1, 2]. It is
a chronic disease characterized by high blood glucose levels
resulting from defects in insulin production and action. Types
1 and 2 are the most prevalent. Type 1 is characterized by
lack of insulin production caused by autoimmune destruction
of pancreatic beta cells. Type 2 results from the ineffective
use of insulin due to insulin resistance and deficient glucose
metabolism [1, 3, 4]. Research for novel anti-diabetic drugs to
complement those in present clinical use has intensified over
the years.

Plant medicine has been important in present anti-
diabetic drug research. The prospects of a number of medic-
inal plants, herbal formulations, and natural products with
anti-diabetic effects have been reported [5-7]. Notable among
such is Astragalus membranaceus (AM). It is a Fabaceae flow-
ering plant recorded in various pharmacopoeias as a herbal
immunomodulator and an anti-diabetic drug. Its roots have

been used in many state-approved Chinese herbal formulas
for the treatment of diabetes [6, 7]. A recent publication
by Wei et al. (2011) [7] identified it as the most frequently
prescribed herbal medicine for diabetes treatment in China.
Several ethnopharmacological studies have established its
pharmacological significance [6, 8]. Recent studies have
progressively sought to identify the lead compounds involved
in inducing its anti-diabetic effects. Its polysaccharides,
saponins, and flavonoids fractions and a number of single
isolated compounds have been studied. The pharmacological
processes and mechanism of action of these constituents
have also been studied [9-11]. This paper considers it as
an important anti-diabetic drug prospect. Thus, we review
advances in its anti-diabetic research with emphasis on the
pharmacological prospects of its chemical constituents in
relation to types 1 and 2 DM. The following database systems
were considered for data collection: PubMed, SpringerLink,
Wiley Online Library, Science Direct, and China National
Knowledge Infrastructure (CNKI)-China Academic Journal
Network Publishing Database (CAJD).
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2. Ethnopharmacology Effects of
AM on Diabetes Mellitus

The roots of AM have a long history for the treatment of
diabetes-related symptoms in China. In traditional Chinese
medicine, it is used to reinforce Qi in order to induce
urination, consolidate the exterior, express toxins outward,
and make new tissues grow [7, 12]. A number of studies
have emphasized its pharmacological relation to diabetes
mellitus. Earlier ethnopharmacological studies analyzed var-
ious crude extracts for their anti-diabetic activities and their
possible pharmacological processes. They were studied as
a single extract or as part of a compound formula and
were reported to have demonstrated potentials of attenuating
DM and their associated complications. They were generally
observed to have lowered increasing blood glucose and
lipid levels, improved insulin sensitivity, and also corrected
several pathological indicators of DM and its complications
[6, 13-16]. In a clinical study of the effect of AM on insulin
sensitivity, AM decoction reduced fasting blood glucose and
homeostatic model assessment (HOMA) levels in type 2
DM patients [14]. Anti-diabetic studies on Qilan Tangzhining
capsule, a Chinese herbal anti-diabetic formula containing
AM, showed its potential to reduce blood glucose levels and
improve lipid profiles in streptotozocin-induced diabetic rats
[16]. A number of pharmacological processes for inducing
these anti-diabetic effects have been suggested. Some of
which include the suppression of macrophage- and cytokine-
induced inflammatory responses, stimulation of insulin sig-
nal transduction, and lowering of the hyperglycemic effects of
glucagon in experimental animals. Its mechanism of action
has been associated with several enzymes, proteins, and
molecular markers such as peroxisome-proliferator-activated
receptor gamma (PPARy), phosphatidylinositide-3-kinase
(PI-3-K), and Na" K"-ATPase, among others [10, 14, 16-18].
Further studies have sought to elucidate the phytochemical
constituents inducing these anti-diabetic effects.

3. Phytochemical Constituents

Several classes of organic compounds, namely, Astragalus
polysaccharides, saponins, flavonoids, isoflavonoids, sterols,
amino acids, and volatile oils, have been isolated from AM.
The polysaccharides, saponins, and flavonoids are the major
chemical constituents demonstrating biological activity to
DM [19, 20].

3.1. Polysaccharides. The polysaccharides of AM are by
extraction methods water-soluble and -insoluble glucans and
heteropolysaccharides. Astragalans I, II, and III are polysac-
charides extracted by hot water. Astragalan I was elucidated
as a neutral heteropolysaccharide containing D-glucose, D-
galactose, and L-arabinose in the ratio of 1.75:1.63:1. It has
a molecular weight of 36 kD. Astragalans II and III were
a-(1,4)-glucans with molecular weights of 12kD and 34 kD,
respectively [21, 22]. APS I and APS II were isolated by water
extraction and alcohol precipitation technique. Structural
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and content analyses showed that APS I consisted of arabi-
nose and glucose in the ratio of 1:3.45. ASP II consisted of
rhamnose, arabinose, and glucose in the ratio of 1: 6.25:17.86
[22, 23]. Acidic polysaccharides such as AMem-P, AH-1
and APSID3 have also been isolated [24-27]. AMem-P is a
complex acidic polysaccharide with a molecular weight of
60 kD. It consists mainly of hexuronic acid and has terminal
and «a-1,5-linked-arabinofuranose, terminal and 3-1,3-, -1,4-
, B-1,6-linked, 3,6-branched-D-galactose, and 2,4-branched-
L-rhamnose residue groups attached [24]. Other Astragalus
polysaccharides include AH-2, AE, AEF-1, and AEF-2, and
astroglucans A, B, and C [27-29].

3.2. Saponins. The saponin content of AM consists mainly of
triterpene saponins. Structurally, they are cycloartane triter-
pene glycosides with one-to-three sugars attached at the 3-,
6-,and 25-positions. Kitagawa (1983) reported the isolation of
several cycloartane triterpenoids such as astragaloside I-VIII
[30-32] and isoastragalosides I and II [30]. Astragalosides VII
and VIII were elucidated as saponins with oleanane skeleton
[32]. Azukisaponin V methyl ester has been isolated and
identified as an oleanane-type triterpene saponin [33]. An
astragaloside malonate has also been identified as malonylas-
tragaloside [34]. Several other astragalus saponins including
isoastragalosides IIT and IV, astramembrannin I, cyclogalegi-
noside B, cycloaraloside A, brachyoside B, cyclocanthoside E,
cyclounifolioside B [27, 35, 36], and astramembranosides A
and B [33] have also been isolated.

3.3. Flavonoids. Flavonoids of varying structures have been
isolated from AM. They are mainly in structural groups
of flavones, isoflavones, isoflavanones, and pterocarpans.
Kaempferol, isorhamnetin, rhamnocitrin, kumatakenin
and rhamnocitrin-3-glucoside and quercetin-3-glucoside
have been isolated as flavones [27]. Formononetin, ononin,
calycosin, calycosin-7-O-f-D-glucoside-6"-O-malonate, 3'-
methoxy-5'-hydroxy-isoflavone-7-O-3-D-glucoside, ~ and
(3R)-2,3'-dihydroxy-4',7-dimethoxyisoflavone have been
isolated as isoflavones [27, 37, 38]. The isoflavanones include
2'-hydroxy-3',4'-dimethoxyisoflavone-7-O-3-D-glucopyra-
noside, 2'-hydroxy-3',4',7-trimethoxyisoflavone, 2',7-dihy-
droxy—3' Y ,7-trimethoxyisoflavone, 3 "4 -dimethoxyisofla-
vone-7-O-f-D-glucoside, 8,2'-dihydroxy-4',7-dimethoxyis-
oflavone, and  2',3',7-trihydroxy-4'-methoxyisoflavone
[27]. The reported pterocarpans include 3,9,10-trimethox-
ypterocarpan, (6aR,11aR)-10-hydroxy-3,9-dimethoxyptero-
carpan, and 9,10-dimethoxypterocarpan-7-O-f3-D-glucopy-
ranoside [27, 38, 39].

4. Pharmacological Effects of Astragalus
Chemical Constituents on Diabetes Mellitus

The polysaccharides (APS), saponins (ASS), and flavonoids
(ASF) fractions of AM have been the most studied for
their anti-diabetic effects on types 1 and 2 DM. Several sin-
gle isolated compounds including astragalin, formononetin,
astragalosides I, II, and IV, and isoastragaloside I (Figure 1)
have also been analyzed. Their pharmacological processes
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FIGURE 1: Phytocompounds of Astragalus membranaceus demonstrating anti-diabetic effects.

and mechanism of action on types 1 and 2 DM have been
reported.

4.1. Type 1 Diabetes Mellitus. Type 1 DM is caused by autoim-
mune destruction of pancreatic beta cells. The polysaccha-
rides fraction (APS) has been the only constituent demon-
strating activity to type 1 DM. It lowered the incidence rate
and postponed the onset of type 1 DM in nonobese type
1 diabetes mellitus (NOD) mice [40-42]. It also attenuated
autoimmunal insulitis, increased the proliferation of pancre-
atic beta cells, and decreased apoptotic beta cell mass [43-
45]. APS was postulated to have induced immunoprotective
effects in type 1 diabetic NOD models. This potential has been
widely investigated. Chen et al. (2001) and others evaluated
the immunomodulatory effect of APS on CD4" and CD8"
T cells. APS was observed to have decreased lymphocytic
inflammation of pancreatic islets in type 1 noobese diabetic

(NOD) mice. It was also reported to have lowered the
proliferation of CD4" and CD8" T cells [41, 42, 46]. The
CD4" and CD8" T cells have been implicated in inflam-
matory response, apoptosis, and autoimmunity leading to
type 1 DM [47, 48]. APS may protect pancreatic beta cells
from autoimmune destruction through the regulation of
inflammatory and apoptotic responses.

4.1.1. Immunomodulation of Inflammatory Response. The
anti-inflammatory effect of APS was studied mainly on the
secretory cytokines of CD4" T helper cells. Naive CD4" T
cells differentiate into T helper cells 1 (Thl) and 2 (Th2) for
inflammatory response and autoimmunity. The Thl expresses
secretory cytokines such as interferon gamma (IFNy), tumor
necrosis factor-alpha (TNF-«), interleukin-2 (IL-2), and IL-
I3 that induce inflammation and intracellular autoimmune
responses. The Th2 is noted for IL-4, IL-5, IL-10,and IL-13



production for extracellular immunity and counteraction of
Thl inflammatory response [49, 50]. APS has demonstrated
the potential to lower the expression of Thl cells and regulate
Thl and Th2 imbalance in in vivo diabetic models. Chen
and Yu (2004) in molecular immunomodulatory studies
reported a possible correction of genetic imbalance of Thl
and Th2 genes and proteins in APS-treated type 1 DM
NOD mice. Their studies observed about 5.47% changes
in gene expression, of which 17 genes were of functional
relation to immunity [51]. Further studies showed that
APS demonstrates immunomodulatory effects on Thl and
Th2 cytokines. It was reported to have downregulated the
expression levels of Thl cytokines such as IL-12, TNF-q,
and IFNy and enhanced Th2 cytokines such as IL-4, IL-
5, IL-6, and IL-10 [42, 45, 52]. APS also demonstrated a
significant lowering effect on Thl/Th2 ratio [44, 53], an
important apoptotic index that measures relatively lowered
levels of Thl per Th2 cytokines as an indication for reduced
intracellular autoimmunity and inflammatory response [54].
The effect of APS on other inflammatory markers such as
peroxisome-proliferator-activated receptor gamma (PPAR-
), superoxide dismutase (SOD), and nitric oxide (NO)
has also been studied. APS significantly enhanced the gene
expression of PPAR-y in a time- and dose-dependent manner
[53] and promoted SOD anti-oxidation in type 1 DM models
[42, 55]. It also lowered the expression of inducible nitric
oxide synthase (iNOS) [42, 55]. PPAR-y, NO, iNOS, and
SOD among a variety of functions also play various roles
in the stimulation and regulation of inflammatory response
[56].

The effect of astragalin, a flavonoid isolate of AM,
on apoptotic cytokines has also been studied. It showed
an inhibitory effect on the production levels of TNF-a,
IL-1, and IL-6 [57]. It was reported to have repressed the
expression of these Thl cells via NF-xB inhibition. It has
also been shown as exhibiting inhibitory effects on proin-
flammatory mediators similar to quercetin. It was shown to
have attenuated the production of nitric oxide (NO) and
repressed the expression and production levels of iNOS and
cyclooxygenase-2 (COX-2) in ]J774A.1 mice macrophages
(57, 58].

4.1.2. Promotion of Antiapoptotic Response. APS has exhib-
ited the potential to regulate a number of apoptosis-related
proteins and enzymes. It demonstrated significant inhibitory
effect on caspase-3 enzyme [45, 59] while enhancing the
expression of B-cell lymphoma-2 (Bcl-2) [55] in type 1 DM
models. Caspase-3 is noted for apoptosis execution, whereas
Bcl-2 has apoptosis regulatory effects. APS was also positively
correlated to increased galectin-1 levels in the muscles of
type 1 DM mice. Its correlation with galectin-1 was further
shown to have a negative regulatory effect on CD8" T cells, an
apoptosis-enhancing T cell [60]. APS has also been reported
to have lowered the expression of Fas [42, 61, 62]. Fas is a
member of the TNF family of receptors that expresses on cells
to trigger their apoptosis.

Formononetin, an O-methylated isoflavone, has been
reported as inhibiting the activity of caspase-3. It was shown
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to have reduced caspase-3 levels in INS-1 cells [63]. It also
lowered in vitro nitric oxide production and apoptotic sig-
naling via a demonstrated inhibition of IL-1f and reduction
of Bax/Bcl-2 ratio. It was also shown to have inhibited the
activation of nuclear factor-kappaB (NF-«B) [63].

4.2. Type 2 Diabetes Mellitus. Type 2 of DM is caused by
insulin resistance and deficient glucose metabolism. All of the
major constituents of AM have been shown to differentially
lower high blood glucose levels and body weight and improve
impaired glucose tolerance in type 2 diabetic models [64-67].
The postulated pharmacological processes include various
glucose transportation and insulin signaling pathways that
lead to insulin sensitivity and restoration of the proliferative
ability of the pancreatic beta cells.

4.2.1. Promotion of Intracellular Glucose Transportation. The
polysaccharides fraction has exhibited potentials of reducing
hyperglycemia through the induction of glucose transloca-
tion enzymes and proteins. It has been studied as a promoter
of increased glucose transporter protein-4 (GLUT4) levels.
In a molecular expression study of the effect of APS on
GLUT4, APS increased the expression and translocation of
GLUT4 in skeletal muscle and adipose tissues [64, 68]. The
GLUT#4 is an insulin-regulated intracellular transporter noted
for the mediation of glucose translocation into muscle and
fat cells. Liu et al. (2010) analyzed the effect of APS on
the GLUT4/protein kinase B (PKB) glucose transportation
pathway in the skeletal muscles of insulin-resistant KKAy
mice. APS was reported to have partially restored lowered
activation levels of PKB and GLUT4 translocation [64].

4.2.2. Regulation of Glucose and Lipid Metabolism. Increased
levels of circulating glucose, free fatty acids, and accumu-
lation lipids in nonadipose tissues have been implicated in
the development of insulin resistance and type 2 DM [69].
APS, ASS, and ASF have all shown differential regulatory
effects on several glucose- and lipid-metabolizing enzymes,
proteins, and receptors. The polysaccharides fraction has
been the most widely studied. It has been shown to have
enhanced the phosphorylation and activation of hepatic
glycogen synthase and regulated the expression and acti-
vation of adenosine monophosphate-alpha (AMP-a) and
acetyl-CoA carboxylase to alleviate glucose accumulation
in in vitro skeletal muscle cells and KKAy mice models
[65]. It also exhibited an upregulatory effect on the levels
of adiponectin [70] and its receptor, adipo-R1 [71], in type
2 DM rats. It promoted the expression and activation of
adenosine monophosphate protein kinase (AMPK) and its
alpha-subunit, AMPK-alpha [65, 71, 72]. Adiponectin and
AMPK are important activating factors for glucose and lipid
metabolism in the liver, muscles, and adipocytes. Increased
levels of their activity have been associated with reduced risk
for type 2 DM [73, 74]. Other studies have demonstrated
APS as regulating glucose and lipid metabolism through
the promotion of peroxisome proliferator-activated receptor-
(PPAR-) alpha activity and inhibition of the autonomic
neurotransmitter neuropeptide-Y (NPY). The PPARs are
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a family of ligand-dependent transcription factors that con-
trol energy homeostasis through the regulation of carbo-
hydrate and lipid metabolism. PPAR-alpha potentiates fatty
acid catabolism and reduces circulating lipids [75]. APS
enhanced the gene and protein expression of PPAR-« and
improved the lipoprotein profiles of streptozotocin-induced
diabetic hamsters [76]. Neuropeptide-Y is an autonomic
neurotransmitter that induces increased food intake leading
to obesity and type 2 DM. Chen et al. (2011) reported lowered
levels of increased blood glucose and body weight in relation
to neuropeptide-Y in streptozotocin-induced diabetic rats.
APS was reported to have reduced the mRNA expression
levels of neuropeptide-Y and its receptor neuropeptide-
Y2 protein [77]. The effect of APS on aldose reductase,
a glucose-metabolizing enzyme target implicated in high-
glucose-induced diabetes complications [78], has also been
studied. APS had no significant inhibitory effect on aldose
reductase [79].

The saponins (ASS) and flavonoids (ASF) fractions exhib-
ited their antagonizing effects on ascending blood glucose
levels in type 2 DM rats through a common adiponectin
and AMPK-metabolizing pathway. They increase the genetic
and cellular expression of AMPK, adiponectin, and adipo-R1
levels in the liver and skeletal muscle of diabetic rats [70, 71].
The expression levels of AMPK and adipo-R1 induced by the
saponins were reported to be more pronounced in the skeletal
muscles than in the liver, whereas the flavonoids showed an
increased effect in the liver than in the skeletal muscle [71].

Several Astragalus saponins isolates have been studied.
Astragaloside II and isoastragaloside I exhibited regulatory
effects on adiponectin and AMPK action. They significantly
increased adiponectin levels and promoted the activation of
AMPK in type 2 DM mice. Their induction of increased
adiponectin levels was reported to be independent of PPARy,
an adiponectin agonist [75, 80]. The Astragalus saponins
astragalosides I and IV have demonstrated inhibitory effect
on aldose reductase. They downregulated its activation levels
to ameliorate accumulation of advanced glycation endprod-
ucts in both erythrocytes and nerve cells of diabetic rats [81].

The comparative effects of formononetin and caly-
cosin isoflavonoids on the peroxisome-proliferator-activated
receptors activation system have also been studied. For-
mononetin was reported to be more potent activator of
PPARy-induced differentiation of 3T3-L1 preadipocyte than
calycosin [18]. PPARY plays crucial role in the differentiation
and maturity of fat cells [75].

4.2.3. Alleviation of ER Stress and Induction of Insulin Signal
Transduction. Stress responses in the endoplasmic reticulum
(ER) have been associated with increased [3-cell apoptosis
rates, reduced beta cell mass, lowered insulin production, and
increased insulin resistance in type 2 DM patients. APS has
been reported as a negative regulator of key ER stress indica-
tors such as phosphorylated protein kinase-like endoplasmic
reticulum kinase (PERK), activating transcription factor-6
(ATF-6), glycogen synthase kinase 3 beta (GSK33), and Xhol
site-binding protein 1 (XBP1) in type 2 diabetes models. It
relieved ER stress in type 2 DM SD rats through a significant

decrease in the expression of PERK and inhibition of ATF-
6 activity [82]. It also reduced the levels of the transcription
repressor protein XBP1 and GSK3p in KKAy mice [83].
The inhibitory effect of APS on ATF-6 was further studied
in relation to protein tyrosine phosphatase-1-B (PTPI1B), a
negative regulator of insulin-receptor signal transduction.
ATF-6 inhibition was positively correlated with lowered
expression and activation levels of PTP1B in experimental
animals [67, 84, 85]. APS may have indirectly promoted
insulin signaling via ER stress alleviation. Other insulin
signaling studies have reported the upregulatory effect of
APS on insulin receptors. APS was shown to have increased
the levels of insulin receptor substrate-1 (IRS-1) and its beta
transmembrane receptor (IR-) subunit in muscle cells [84].
IRS-1s key role in insulin signal transduction. Lowered levels
of IRS-1 have been associated with increased susceptibility to
type 2 DM [86, 87]. APS has also demonstrated regulatory
effects on resistin, an insulin-resistance protein [88, 89]. It
decreased the mRNA and protein expression levels of resistin
in type 2 DM Wistar rats.

5. Pharmacological Prospects and
Concluding Remarks

The anti-diabetic potential of Astragalus membranaceus has
been progressively studied in the recent past. Its crude
extracts have been reported in several ethnopharmacological
studies as potential prospect for further anti-diabetic studies.
Recent studies have analyzed its phytochemical constituents
in elucidating its pharmacological significance to types 1 and
2 DM. Its polysaccharides, saponins, and flavonoids fractions
and several isolated compounds have been studied. They
all exhibited differential potentials of correcting the charac-
teristic defects of inadequate insulin production, secretion,
and action on target cells. The total polysaccharides fraction
demonstrates significant activity to type 1 DM. It protects
pancreatic beta cells from intracellular (autoimmune) cell
death via the immunomodulation of several inflammatory
and apoptotic cytokines, enzymes, and proteins. It demon-
strated the potential to modulate T helper cells 1and 2, reduce
inflammatory response, and promote antioxidant activities
towards antiapoptotic protection of pancreatic beta cells.
Astragalin and formononetin also demonstrated regulatory
effects on various inflammatory and apoptotic indicators.
The polysaccharides, saponins, and flavonoids fractions
all exhibited significant activities to type 2 DM. They gen-
erally induce their hypoglycemic effects through various
insulin sensitizing pathways. They all demonstrated regu-
latory effects on AMPK and adiponectin and its receptor
adipo-R1. Astragaloside IT and isoastragaloside I isolates were
also associated with this effect. The polysaccharides fraction
has been most extensively studied in relation to type 2 DM.
It promotes insulin sensitization through various coordi-
nated pathways towards intracellular glucose transportation,
insulin signal transduction, and protection of pancreatic
beta cells from apoptotic death. It promoted the PKB/Akt
and -PPAR-a and -y systems, activated insulin recep-
tors, and regulated ER stress-related proteins and enzymes.



The PKB/Akt system differentially coordinates PKB to glyco-
gen synthase kinase 3 (GSK3), GLUT4, apoptotic caspases,
IR, and IRS-1, among others, to induce glucose transportation
and cell proliferation. The phosphorylation and activation
of PKB lead to increased IRS-1 and GLUT4 activity for
glucose translocation and insulin signaling. Its activation also
results in the inactivation of GSK3 and caspase proteases to
inhibit apoptosis [90, 91]. Stress-induced apoptosis in the
endoplasmic reticulum of pancreatic and liver cells has also
been related to reduced insulin production and increased
insulin resistance [92, 93]. APS notably exhibited a negatively
regulatory effect on PERK, ATF-6, and XBP1 ER stress
indicators. The PPAR are a family of ligand-dependent tran-
scription factors that control energy homeostasis through the
regulation of carbohydrate and lipid metabolism [94]. They
are also involved in the regulation of inflammatory responses
[56, 75]. PPAR-alpha [75] and PPAR-gamma [94] have been
associated with the regulation of DM. APS demonstrated
activity to both of them to alleviate high blood glucose levels.
The demonstrated regulatory effects of APS on these systems
suggest its importance and prospects for further research and
development for diabetes therapy.

Further studies on more single-compound isolates are
important to understand the overall mechanisms and pro-
cesses of anti-diabetic effects as well as their structure-activity
relationships.
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